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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 

AN INVESTIGATION AT MACH NUMBERS OF 1.40 AND 1-59 OF 
THE EFFECTS OF AILERON PROFILE ON THE AERODYNAMIC 
CHARACTERISTICS OF A COMPLEIE MODEL OF A 
SUPERSONIC AIRCRAFT CONFIGURATION 
By M. Leroy Spearman and Robert A. Webster 

SUMMARY 


An Investigation has been conducted in the Langley 4- by 4- foot 
supersonic tunnel at Mach mmibers of 1.4o and 1-59 to determine the 
effect of aileron profile on the aerodynamic characteristics of a complete 
model of a supersonic aircraft configuration. The model had a 40° swept- 
back tapered wing with 10-percent-thick circular-arc sections normal to 
the quarter-chord line . The ailerons were 20-percent chord and were 
located on the outboard 50 percent of the wing semispans. The various 
ailerons investigated included the basic circular-arc profile and three 
flat-sided ailerons having ratios of tralling-edge thickness to hinge- 
line thickness t of 0, 0.5^ and 1.0. 

Low aileron effectiveness was obtained with the circular-arc and 
t = 0 profiles. Increasing the tralling-edge thickness (t = 0.5 
and l.O) resulted in Increased effectiveness as well as Increased hinge 
moments with only a slight Increase in drag. 

The aileron lift effectiveness Cj^ was in reasonably good agreement 
with theory although the variations of rolling- and hinge-moment coeffi- 
cient with aileron deflection^ C 2 g and were^ in general, somewhat 

less than that predicted by theory. The variation of Czg, Chg, 
and CLg with tralling-edge angle for the various aileron profiles 
agreed well with the theoretical results. 
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INTRODUCTION 


An extensive investigation has been conducted by the National 
Advisory" Committee for Aeronautics to determine the characteristics of 
various lateral-control devices on a wing having kO^ of sveepback at the 
quarter-chord line^ aspect ratio taper ratio 0.5^ and symmetrical 
10-percent-thick circular-arc sections in a plane normal to the quarter- 
chord line. 

Rocket model tests of such a wing equipped with 20-percent-chord, 
50-percent-span outboard, true-contour (circular- arc) ailerons indicated 
roll reversal for small aileron deflections in the transonic -speed range 
(reference l) . In an effort to develop a suitable control for the 
transonic -speed range, several lateral-control devices and various 
aileron modifications were investigated by the transonic -bump method 
(references 2 and 3)^ and in-flight using the rocket-model technique 
(reference 4). Modifications made to the aileron included flattening 
the sides of the circular-arc profile and increasing the trailing-edge 
thickness of the aileron. The flat-sided ailerons with thickened trailing 
edges eliminated the roll reversal in the transonic range. 

Some of the controls developed were also investigated at a Mach 
number of 1.9 in the Langley 9- tiy 12-inch supersonic blowdown tunnel 
(references 5^ 6, and 7)* The results at this Mach number indicated 
positive rolling effectiveness for all ailerons tested with the thickened 
trailing-edge profiles showing some increase in effectiveness over that 
of the circular-arc profile. 

The damping-in-roll characteristics of the wing in the transonic 
range and at a Mach number of 1.9 were reported in reference 8. In 
addition, some subsonic characteristics of the circular-arc profile 
aileron have been obtained from tests of a complete model in the Langley 
300 MPH 7- "by 10-foot tunnel and are reported in reference 9- 

The present paper contains the results of an investigation conducted 
at Mach numbers of l.kO and 1.59 in the Langley 4- by U-foot supersonic 
tunnel to determine the characteristics of a complete model equipped with 
various ailerons, the circular-arc profile and three flat-sided ailerons 
having ratios of trailing-edge thickness to hinge-line thickness of 0, 

0 . 5 ^ and 1.0. These results include six-component measurements for the 
complete model as well as aileron hinge-moment measurements. For com- 
peirison, theoretical estimates of some of the aileron characteristics 
are included. 
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SYMBOLS 


The resiilts of the tests are presented as standard NACA coefficients 
of forces and moments . The data are referred to the stability axes 
system (fig. l) with the reference center of gravity at 25 percent of 
the mean aerodynamic chord (see fig. 2). 

The coefficients and symbols are defined as follows: 

Cl lift coefficient (Lift/qS where Lift = -Z) 

Cp drag coefficient (Drag/qS where Drag = -X) 

Cy lateral-force coefficient (Y/qS) 

Cl rolling -moment coefficient (L/qSb) 

Cjj pitching -moment coefficient (M'/qSc) 

Cn yawing-moment coefficient (N/qSb) 

Cji hinge -moment coefficient (H/2qMa) 

Z force along Z-axis, pounds 

X force along X-axis, pounds 

Y force along Y-axis, pounds 

L moment about X-axis, po\md-feet 

M' moment about Y-axis, pound-feet 

N moment about Z-axls, pound-feet 

H aileron hinge moment about hinge line, pound- feet 


q 


free-stream dynamic pressure, pounds per square foot 



S 


total wing area, square feet 


b 


wing span, feet 


c 


wing mean aerodynamic chord, feet 
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Ma 

pb/2V 

P 

V 

P 

c 

y 

a 

0 

it 

5a 

t 

Chg 

Cha 


moment area of the aileron about hinge line 

wing-tip helix angle generated by wing tip in roll, radians 

rolling angular velocity, radians per second 

free-stream airspeed, feet per second 

mass density of air, sliags per cubic feet 

airfoil-section chord, feet 

distance along wing span, feet 

angle of attack of fuselage center line, degrees 
angle of yaw, degrees 

tralllng-edge angle of aileron in free-stream direction, degrees 

stabilizer incidence angle with respect to fuselage center 
line, degrees 

aileron deflection in free-stream direction, degrees 

ratio of aileron trailing-edge thickness to hinge-line 
thickness 

rate of change of rolling -moment coefficient with aileron 
deflection (dC2/^6a) 

rate of change of hinge -moment coefficient with aileron 
deflection (SCh/Sba) 

rate of change of hinge -moment coefficient with angle of 
attack (SCh/^) 

rate of change of lift coefficient with aileron deflection 

(^L/^6a) 



rate of change of pitching-moment coefficient with aileron 
deflection (SCm/^6a) 


rate of change of pitchimg-moment coefficient with lift 
coefficient 


M 


free-stream Mach niimber (v/a) 
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a 


speed of so\md in free air 


Cx^ trim- lift -curve slope 

damping-in-roll factor 




Subscript: 


R 


right aileron 


MODEL AND APPARATUS 


A three-view drawing of the model is shown in figure 2 and the 
geometric characteristics are presented in table I. The model had a 
wing sweptback L0° at the quarter-chord line, aspect ratio h, taper 
ratio 0.5^ and 10 -percent -thick circular-arc sections normal to the 
quarter-chord line. The wing was at a 3° Incidence aingle with respect 
to the fuselage center line and had 3° geometric dihedral. Measurements 
indicated the right-wing tip to be twisted 0.2° with respect to the 
left-wing tip. The fuselage and canopy coordinates are given in 
reference 10. 

The four aileron profiles investigated (see fig. 3) Included a true- 
contour (circiilar-arc) and three flat-sided ailerons having ratios of 
tralllng-edge thickness to hinge-line thickness of 0, O.5, and 1.0. The 
ailerons had chords 20 percent of the wing chord and were located on the 
outboard 50 percent of the wing semispans. 

The model was mounted on a sting support (see fig. 4) and its angle 
in the horizontal plane was remotely controlled in such a manner that the 
model remained essentially in the center of the test section. With the 
model rotated 90° (wings horizontal), the angle -of -attack mechanism was 
used to provide angles of yaw. 

The stabilizer angle coxild be remotely controlled by means of an 
electric motor mounted within the fuselage of the model. The aileron 
deflections were set manually. 

Forces and moments on the model were measirred by means of a six- 
component strain-gage balance housed within the model. A separate strain- 
gage balance was movinted on the right aileron for the determination of 
the aileron hinge moments. 

The tests were conducted in the Langley 4- by 4-foot supersonic 
tunnel which is described in reference 10. 
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TESTS 

Test Conditions 


The test conditions aLre summarized in the following table: 


Mach 

number 

Stagnation 

pressure 

(atm) 

stagnation 

temperature 

(°F) 

Dewpoint 

(°F) 

Dynamic 
pressure 
(Ib/sq ft) 

Reynolds niimber 
(based on c) 

1.59 

0.25 

110 

-35 

223 

575,000 

i.4o 

.25 

110 

-30 

229 

600, 000 


Calibration data for the Mach number 1.59 nozzle are presented in 
reference 10 and for the Mach number 1.4o nozzle in reference 11. 


Corrections and Accuracy 

No corrections due to sting interference were applied to the data. 
The exact magnitude of the sting effects is not known though it is 
believed to be small (see reference 12). 

Base-pressure measurements at a Mach number of 1.59 indicated that, 
if free -stream static pressure is assumed to exist at the base of the 
model, then the drag data presented would be reduced by approximately 
1 percent in the angle-of-attack range from 4° to 10°, with no correction 
necessary in the lower angle range. 

Optical measurements of the wing twist under load (6^ = O) 
indicated twists of less than 0.05° and hence no corrections for aero- 
elastic effects were made. No measurements were made of the wing twist 
with the aileron deflected. 

The maximum uncertainties in the aerodynamic coefficients are of 
the order indicated in the following table: 
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Coefficient 

Random balance - 
system errors 

Balance -system and I 

tunnel errors combined 

Cl 

to. 0010 

±0.0043 

^D 

±.00025 

±.0023 

Cy 

±.0010 

±.0019 

Cm 

±.oooh5 

±.00l4 

Cn 

±.00011 

±.00015 

cz 

±.00006 

±.000099 

Ch 

±.0028 

— 

±.0031 


A more complete analysis of the balance -system accuracy is presented 
in reference 13 • 


The accuracy of the angle of attack was about ±0.05°, the tall 
incidence about ±0.10 , the aileron deflection about ±0.05°^ and the 
dynamic pressure about 0.25 percent. 

Because of the small magnitude of the flow gradients in the vicinity 
of the model (references 10 and ll), no corrections for these effects 
have been made. Tests of the model in the horizontal and vertical planes 
showed good agreement. 


Test Procedure 

All four aileron profiles were investigated at M = 1.59 t>ut 
only the circular-arc and t = 0.5 profiles were investigated at 
M = 1.40. The aileron tests covered an angle-of-attack range from -4° 
to 10° with aileron deflections from -15° to 15° with the exception of 
the circiilar-arc profile at M = l.ljO where only positive deflections 
were tested. The right aileron only was deflected for all tests with 
the left aileron fixed at zero deflection. 

In addition, tests were made through an angle-of-yaw range from -10° 
to 10° at a = 0° and M = 1.59 Tor the model equipped with each of 
the flat-sided ailerons (6a = 0°). 
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RESULTS AND DISCUSSION 
Presentation of Data 


The aerodynamic characteristics in pitch for the model with various 
aileron profiles at 6a = 0° are given in figures 5 and 6 for Mach 
numbers of 1.59 a^d l.LO, respectively. The variation of the lift, 
drag, and pitching -moment coefficients with aileron deflection at the 
angle of attack for zero lift is presented in figure 7* 

The effects of the three flat-sided ailerons on the lateral 
characteristics in yav for the model at a = 0° and 6a = 0° are 
presented in figure 8 for M = 1.59. 

The effect of aileron deflection on the rolling-moment, yawing- 
moment, and aileron hinge -moment coefficients through an angle -of - 
attack reinge for the various profiles is given in figiires 9 and 10 
for M = 1.59 and 1.40, respectively. The variation of the rolling- 
moment and aileron hinge-moment coefficients with aileron deflection 
at the angle of attack for zero lift is presented in figure 11. The 

effects of profile on the rolling effectiveness through a Mach 

Ba 

number range as obtained from varloiis sources are presented in figure 12. 

Some of the pertinent aerodynamic characteristics are presented as 
a function of tralling-edge angle in figure 13 . The selection of the 
traillng-edge angle as a basis of comparison may be somewhat hypothetical 
inasmuch as the direct effects of the trailing-edge angle, the aileron 
thickness, and the aileron- surface curvature cannot be isolated. In 
this figure, a faired line is shown for the M = 1.59 results but, 
since only two profiles were tested at M = l.LO, only the points are 
shown. The faired line is solid from the t = 1.0 profile to the 
t = 0 profile since these ailerons had flat sides and represented 
systematic increases in trailing-edge angle and decreases in profile 
thickness. The line between the t = 0 aileron and the circular-arc 
aileron is dashed since this change results in an increase in trailing- 
edge angle as well as an increase in profile-thickness distribution. 

The slopes presented in figure 13 were obtained at the angle of attack 
for zero lift. 

The variation of Cjg and Chg with angle of attack for both Mach 

nvanbers is shown in figure iL together with the theoretical estimates. 

A comparison between the experimental and theoretical values of 

Cjg, Cj^ as a function of trailing-edge angle is shown in figure 15- 
The theoretical values presented on these figures were obtained by 


CONFIDENTIAL 


MCA RM L50J31 


CONFIDENTIAL 


9 


determining the linear three-dimensional control- surface characteristics 
by the method of reference l4 and then applying a thickness correction 
factor. (See table II.) The correction factors at M = 1.59 Tor all 
except the t = 1.0 profile were obtained by the use of reference 15 
and were applied in the same manner as that used in reference 6. This 
procedure Involves the assumption that the thickness effects on the 
aileron characteristics are the same for the conical-flow regions as for 
the two -dimensional- flow regions. In addition^ the theory of refer- 
ence 15 is limited to conditions where the leading-edge shock wave is 
attached^ whereas for the present model the leading-edge shock wave is 
detached at both Mach numbers and for all angles of attack. The presence 
of this detached shock was neglected in the theoretical calculations. 

The method of reference 15 is not considered applicable for Mach number 
components normal to the control-surface leading edge of less than 1.3 
or for profiles having parallel sides. For these conditions (M = 1.40 
and t = 1.0 profile) it was arbitrarily assumed that local sonic 
velocity occurred very near the leading edge of the wing and the cal- 
cinations for the correction factors were obtained by means of the 
oblique-shock equations and the isentroplc expansion and compression 
equations. The assumption that local sonic velocity occurred near the 
leading edge appears reasonable since, because of the detached shock, a 
region of subsonic flow exists just ahead of the leading edge that must 
accelerate to a low supersonic velocity as it passes over the airfoil 
nose. This effect was noted in connection with the wing-pressure 
measurements presented 'in reference l6. 


Longitudinal Characteristics 

The basic longitudinal data for the model with the various aileron 
profiles at 6a = 0° (figs. 5 and 6) show no unusual trends. 

The variation of lift, drag, and pitching -moment coefficients with 
aileron deflection (fig. 7) was obtained by cross-plotting from the basic 
data for the various aileron deflections at the angle of attack for zero 
lift (approximately -2.4° for each configuration). In the case of 
pitching moments, the curves were shifted to show Cm = 0 at 63, = 0° 
so that the resxilts for the various profiles might be more readily 
compared. The lift, drag, and pitching -moment trends indicated in 
figure 7 apply to the complete model with both ailerons deflected in the 
same direction in the manner of longitudinal-control devices. 

In general, the variations of the lift and pitching -moment coeffi- 
cients with aileron deflection are fairly linear, especially through the 
deflection range of about ±6°. The circular-arc and t = 0 profiles 
appear to be relatively ineffective in producing lift or pitching moment. 
In particular, the lift effectiveness of the circular-arc -profile aileron 
is quite low at M = 1.40 and is about zero at M = I.59. This 
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ineffectiveness might be expected inasmuch as pressiire measurements of 
the wing with circular-arC sections (reference l6 for M = 1.59 aJid 
unpublished results for M = l.UO) Indicate separation to exist over 
the outboard, trailing-edge section of the wing. Increasing the thick- 
ness of the aileron trailing edge (t = 0.5 and t = 1.0 profiles) 
resulted in slightly higher lift and pitching -moment effectiveness. The 
lift and pitching -moment effectiveness for each profile was constant 
through the angle-of-attack range investigated. 

There is an increase in the drag coefficients with aileron 
deflection that is slightly greater for positive deflections and for 
the ailerons with thickened trailing edges. 

The summary of the longitudinal characteristics as a function of 
the trailing-edge single (fig. 13) shows little change in the lift-curve 
slope or the drag. There is a general trend toward higher lift and 
pitch effectiveness and higher static longitudinal stability as the 
trailing-edge angle is decreased. This higher effectiveness and 
stability probably results from a lessening of the separation effects 
over the outboard trailing-edge section of the wing. 


Lateral Characteristics 

The effects of aileron profile on the lateral characteristics in 
yaw (fig. 8) are small with the possible exception of the rolling- 
moment variation where the ailerons with thickened trailing edges 
indicate greater rolling moments due to yaw. This effect might be 
expected as a result of improved flow conditions over the outboard 
section of the wing. 


Aileron-Control Characteristics 

The variation of the rolling-moment arid hinge-moment coefficients 
with angle of attack (figs. 9 and 10) is slightly nonlinear for the 
circular-arc and t = 0 profiles, particularly for the negative deflec- 
tions. This condition is probably a result of the separation effects, 
which, as already pointed out, occiir over the rear section of the 
circular-arc airfoil and probably occur over the t = 0 profile. The 
nonlinearity of the hinge-moment curves for small angles of attack and 
small deflection angles is similar to the low-speed characteristics of 
ailerons having large trailing-edge angles (reference 17). The slope 
of the curve of hinge-moment coefficient against angle of attack (pho) 

for the circular-arc and t = 0 profiles reverses in the region near 
zero lift (a ~ -2.4°, 6a = 0°)* A tendency toward reduced aileron 
effectiveness for the small deflections is also evident near zero lift. 
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The effect of reducing the trailing-edge angle by increasing the 
trailing-edge thickness of the aileron to 0.5 and 1.0 times the hinge- 
line thickness was to el im inate the nonlinearity of the rolling -moment 
and hinge -moment curves and to eliminate the tendency toward roll 
reversal at small angles of attack and small deflections. 

The negative rolling moments occurring for 6a = 0° at M = 1.4o 
(fig. 10) can be attributed to the slight twist of the wing. At 
M = 1.59 (fig. 9) fhe effects of the twist appear to be counteracted by 
flow angularities in the region of the wing tips. 

The adverse yawing moment produced by aileron deflection (figs. 9 
and 10) is about the same as that obtained at low speeds for a similar 
configuration (reference 9). Changes in the aileron profile had little 
effect on the adverse yaw. 

The variation of the rolling -moment and hinge-moment coefficien,ts 
with aileron deflection at the angle of attack for zero lift is presented 
in figure 11. As a consequence of the asymmetry indicated for the 
M = l.hO data, the results presented in figure 11 for this Mach number 
have been shifted to show C^ = 0 and Cj^ = 0 at 6g^ = 0°. The 
resiilts on this figiire apply to the complete model with only the right 
aileron deflected. 

The nonlinearity of the rolling-moment and hinge-moment coefficients 
for small aileron deflections for the circular-arc and t = 0 profiles 
is apparent in figure 11. From an examination of figures 9, 10, and l4, 
it can be seen that the nonlinearity for small deflections disappears 
for angles of attack above about 4° and the variations of rolling-moment 
and hinge-moment coefficients with aileron deflection C^g and C^g 
become about constant and are slightly higher than the values near zero 
lift. As the positive angle of attack is Increased, however, the regions 
of nonlinearity in the curves of rolling moment and hinge moment tend to 
shift toward the higher negative deflections (see fig. 9). Similar 
variations in both and C]^g are Indicated for the circular-arc 

and t = 0 profiles. Changing the profile to t = 0.5 and t = 1.0 
removed the nonlinearity at small deflections and increased the values 
of both C^g and *^hg" t = 1.0 profile showed only slight 

improvement over that shown by the t = 0.5 profile. 

The results near zero lift are summarized in flgiore I3 where C2g, 
Chg, and are presented as a function of the trailing-edge angle? 

Similar trends are indicated for the two Mach numbers although each of 
the parameters have higher values at M = 1.40. 
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The rolling effectiveness for the various profiles is 

°a 

presented in figiire 12 for a Mach number range up to 1.90* The low- 
speed value (M = 0.l6) was obtained from reference 9 Ly using a value 
for the damping in roll C^p obtained from reference l8. The transonic 
results (faired lines) were obtained from free-flight tests of rolling 
rocket models (reference L) . The results at M = 1.40 and 1.59 were 
obtained from the present tests and those at M = I .90 were obtained 
from reference J, in each case, by using values of C^p obtained from 
charts presented in reference 19. None of the t\innel results was 
corrected to account for the effects of adverse yaw or wing twist that 
may occxir on a free-rolling wing. 

The variation of with Mach number (fig. 12) indicates a 

5a 

large reduction in effectiveness beginning at a Mach number of about 0.8. 
The resiilts of the rocket-model tests show the reversal obtained for the 
cirtular-arc profile near M = 0.95 and the improvement 'obtained with 
the t = 0.5 and t = 1.0 profile. 


Comparison with Theory 

The values of and obtained experimentally are, in 

general, somewhat lower than those obtained theoretically (fig. 1 ^). 

This result might be expected inasmuch as the theoretical values neglect 
the boundary -layer and separation effects as well as any detached shock 
effects. The effects of separation on the aileron characteristics may 
be influenced by the Reynolds number although the results of an investi- 
gation of a 63° sweptback wing (reference 20) indicated little effect 
of Reynolds number on the characteristics of an outboard trailing-edge 
flap. The variation of the theoretical values of C^g, Ch§, and CL 5 
with trailing-edge angle (fig. 15) is similar to that shown by the 
experimental values and indicates that the thickness correction factors 
axe reasonable. The experimental and theoretical values of C^g are in 
good agreement although the experimental values of aileron effectiveness 
C 2 g are somewhat lower than the theoretical values . This effect 

might also be attributed to separation near the tip which would result 
in the aileron center of lift being farther inboard than predicted by 
theory . 


CONCLUSIONS 


The results of the investigation conducted at Mach numbers of 1.40 
and 1.59 to determine the effects of aileron profile on the aerodynamic 
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characteristics of a complete model of a supersonic aircraft configu- 
ration indicated low aileron effectiveness for the circular-arc -profile 
aileron and the flat-sided aileron having a ratio of trailing-edge 
thickness to hinge-line thickness t of 0. Increasing the trailing- 
edge thickness of the aileron (t = 0.5 and l.O) resulted in increased 
aileron effectiveness and higher aileron hinge moments with only a 
slight increase in drag. 

The aileron lift effectiveness was in reasonably good 

agreement with theory although the variations of rolling- and hinge - 
moment coefficients with aileron deflection^ Ci^ and vere^ in 

general^ somewhat less than that predicted by theory. The variation 
of ^h 5 ^ ^L 5 "With trailing-edge angle for the various 

aileron profiles agreed well with the theoretical results. 


Langley Aeronautical Laboratoiy 

National Advisoiy Committee for Aeronautics 
Langley Fields Va. 
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TABLE I 

GEOMETRIC CHARACIERISTICS OF MODEL 


Wing: 

Area, sq ft I.I 58 

Span, ft 2.155 

Aspect ratio 4 

Sweepback of quarter-chord line, deg 40 

Taper ratio 0-5 

Mean aerodynamic chord, ft 0.557 

Airfoil section normal to 

quarter-chord line 10-percent-thick, circular -arc 

Twist, deg 0 

Dihedral, deg 3 

Incidence, deg 3 

Horizontal tail: 

Area, sq ft O.I 96 

Span, ft 0.855 

Aspect ratio 3-72 

Sweepback of quarter-chord line, deg 40 

Taper ratio 0.5 

Airfoil section MCA 65 -OO 8 

Vertical tail: 

Area (exposed), sq ft 0.172 

Aspect ratio (based on exposed area and span) 1.17 

Sweepback of leading edge, deg kO.6 

Taper ratio 0.337 

Airfoil section, root NACA 27-010 

Airfoil section, tip MCA 27-008 

Fuselage: 

Fineness ratio (neglecting canopies) 


Miscellaneous : 

Tall length from c/4 wing to ct/4 tall, ft 0.917 

Tail height, wing semispans above fuselage center line .... 0.153 
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TABLE II 

THEORETICAL CONTROL-SURFACE CHARACTERISTICS 


00 


(a) M = 1.40. 


^^\Proflle 

Circular arc 

t = 0 

t = 0.5 

t = 1.0 

Condition\^^^^ 

^^5 

^16 • 




CL 6 

^^6 

^^6 



^^6 


Linear theory 

-0.0320 

- 0.0014 

0.0036 

-0.0320 

- 0.0014 

0.003^ 

-0.0320 

- 0.0014 

0.0036 

-0.0320 

- 0.0014 

0.0036 

Correction 

factor 

.382 

.394 

. 39 i^ 

.403 

.403 

.403 

.464 

.464 

.464 

.569 

.569 

•569 

Corrected 

solution 

-.0122 

-.00055 

.0014 

-.0129 

-.00056 

.0015 

-.0149 

-.00065 

.0017 

-.0182 

-.00080 

.002 


(b) M = 1 . 59 . 


^^X^rofile 

Circular arc 

t = 0 

t = 0.5 

t = 1.0 

Condition^X. 




^^6 

c? 

Ct 

^^8 

C 7 

% 

^^6 

C 1 

h 

Ct 

H 

Linear theory 

-0.0227 

-0.00097 

0.0026 

-0.0227 

-0.00097 

0.0026 

-0.0227 

-0.00097 

0.0026 

-0.0227 

-0.00097 

0.0026 

Correction 

factor 

.428 

.478 

.478 

.477 

.'+77 

.477 

.74 

.74 

.74 

.816 • 

.816 

.816 

Corrected 

solution 

-.0097 

-.00046 

.0012 

-.0108 

-.00046 

.0012 

-0.0168 

-.00072 

.0019 

-.0186 

-.00079 

.0021 
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Figure 1.- System of stability axes. Arrows indicate positive values. 
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Figure 2.- Details of model of supersonic aircraft configuration. 
Dimensions are in inches unless otherwise noted. 
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(a) Mounted for pitch tests, a = -10^; \lr = 0^. 

Figure Complete model of aircraft mounted in the Langley k-- hy 4- foot 

supersonic tunnel. 
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4 NACA KM L50J31 



CONFIDENTIAL 


(b) Mounted for yaw tests. 
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(a) Circular arc. (b) t = 0. 

Figure 5.- Aerodynamic characteristics in pitch for model with various 
aileron profiles. = 0°; M = 1.59. 
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Figure 6.- Aerodynamic characteristics in pitch for model with various 
aileron profiles. 6^ = 0°. ^ = i.4o. 


ro 

MD 


NACA RM L50J31 CONFIDENTIAL 


UO 

O 



^ c 
>0) _ 

-c C 

-ie 5 

q: 8-03 



O 

Q 


0 


^9 

I 

I 


I 


.OS I 
.04- 
0 


Profile 

Circular arc 

t-0 

f -0.5 

— f-LO 



■4 C 4 3 12 

Aileron deflection, 6 q, deg 


•C 

$ 

§ 

I 

Q 


S; 

§ 


.08 

.04 


0 


08 


0 


Profile 

Circular arc 

f-0.5 


- 08 L 

-16 




























_ 


































^ \ ^ 


-12 -8 -4 O 4 3 12 

A i/eron defkc fion , Sq , deg 


16 


(a) M = 1.59. 


(b) M = 1.40. 


Figure 7- - Effect of aileron deflection on the aerodynamic characteristics 
in pitch for the model equipped with various aileron profiles, a r? -2.4°, 
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Figure 





Effect of aileron profile on the lateral characteristics in 
yaw. a = 0°; 6 ^ = 0°; M = I. 59 . 
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(b) t = 0. 


Figure 9.- Effect of aileron deflection on the characteristics of a complete 
model equipped with various ailerons. M = 1.59* 
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(a) Circular arc. 


(b) t = 0.5. 


Figure 10.- Effect of aileron deflection on the characteristics of a complete 
model equipped with various ailerons. M = 1.40. 
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11.- Effect of aileron profile on the rolling-moinent and. hinge— moment 
characteristics, a % -2. 4°. 


U) 

\J] 


NACA RM L50J31 CONFIDENTIAL 


COI^FIDEIfriAL 




a 


O 


.4 


Profile 

o Circular arc 

E> 0 

O ! - 0.5 



Figure 12.- Variation of 
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Mach number, M 
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rocket-model tests, symbols from wind-tunnel tests. 


CONFIDENTIAL NACA RM L50J31 


CONFIDENTIAL 


.12 


Cr 


SQ 

IZ 


.08 

.04 

-2 







1 

1 

— 0- 

1 








'Cq I 

afC, 

4.4 

Gf 














X 



dm 

in 












G' 


m 


a 


.06 


'^Cx 


.04 

.02 


Ch 


Cx 


0 


-.02 6 

0 


Q Circular arc 19.8° 












tz 



— 0 











4 

/\ 






C' 

Ljj 


Prc 

Tile 


0 




=o 



^'i-0 IS2 

^ f-0.5 1.6° 






□ 

i-\ 

\0 


0" 



. 

G' 










G 

D— == 



-4> 








4 8 12 16 20 

Trail ing-edge angh , 0 , deg 



0 

Ci^ 

-.0004 
-.0008 

0 4 8 12 16 20 



Traihng~edge angle, 0, deg 


Figure 13»- Effect of tralling-edge angle on various aerodynamic 
characteristics. Faired line for M = 1.59] flagged symbols for 

M = 1.40. ^ 
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(a) M = 1.59. 


Figure l4.- Variation of the experimental and theoretical values of 


and Cv, 
^6 


with angle of attack for various aileron profiles. 
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(b) M = 1.40. 
Figure l4.- Concluded. 
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Figure 15.- Comparison of theoretical and experimental aileron characteristics 
for various aileron profiles, a % -2. 4°. 


CONFIDENTIAL NACA RM L50J31 


